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(57) Abstract: Disclosed is a method for determining a forward data rate and a 
forward transmission power level in a mobile communication system. An access 
terminal measures a C/I of a forward pilot channel, determines a forward data rate 
by matching the measured C/I with a reference C/I, creates a difference between 
the measured C/I and the reference C/I as margin information, and transmits the 
determined forward data rate and margin information over a reverse transmission 
channel. Upon receipt of the forward data rate and margin information, an access 
network decreases a transmission power level by power corresponding to the mar- 
gin information and performs forward transmission at the forward data rate at the 
decreased transmission power level. 
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METHOD AND APPARATUS FOR LTNK ADAPTATIO N IN A MOBILE 

COMMUNIC ATI ON SYSTEM 


BACKGROUND OF THE INVENTION 

L Field of the Invention 

The present invention relates generally to a mobile communication system, 
and in particular, to a link adaptation apparatus and method in a CDMA (Code 
Division Multiple Access) mobile communication system. 

2. Description of the Related Art 

In a mobile communication system using radio channels, an attenuation of 
a radio signal varies depending on a distance between an access network (AN) and 
an access terminal (AT), and shadowing. Further, the radio channels used in the 
mobile communication system experience considerable interference between 
signals, and fading. Therefore, a catrier-to-interference ratio (hereinafter, referred 
to as "C/I" for short) is subjected to severe variations depending on the condition 
of the radio channels. A link adaptation technique has been proposed to increase 
throughput of a channel by adjusting a data rate according to the channel condition 
(or C/I). The data rate is determined depending on a coding rate and a modulation 
mode. When the C/I is high, a higher coding rate and a high-level modulation 
mode are used to increase the data rate. On the contrary, however, when the C/I is 
low, a lower coding rate and a low-level modulation mode are used to increase 
reliability of the channel. 

In order to transmit data while maintaining the channel reliability 
according to the C/I, a receiver and a transmitter in the mobile communication 
system operate as follows. The receiver predicts a variation of the next channel 
based on the C/I to determine a data rate, and then, transmits the determined data 
rate information to the transmitter. The transmitter then assigns a data rate 
according to the data rate requested by the receiver and maintain a transmission 
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power level constantly to a reference level. 

Measurement of the C/I and assignment of the data rate will be described 
below with reference to an HDR (High Data Rate) forward link proposed in 
5 3GPP2 (3 rd Generation Partnership Project 2), by way of example. In the 
foregoing description, the transmitter corresponds to an access network (AN), 
while the receiver corresponds to an access terminal (AT). The HDR physical 
layer based on the link adaptation technique supports 13 transmission modes, 
which are determined by a combination of three modulation modes of QPSK 
10 (Quadrature Phase Shift Keying), 8PSK (8-ary Phase Shift Keying) and 16QAM 
(16-ary Phase Shift Keying), three coding rates of 1/4, 3/8 and 1/2, and the 
number of slots where a packet is repeated. The transmission power level of HDR 
system is the maximum transmission power level. 

15 FIG. 1 illustrates a transmission/reception timing diagram of forward and 

reverse links in an HDR system. Referring to FIG. 1, the forward and reverse 
packets each include 2048 chips per slot. Further, each slot includes one pilot 
channel per half slot (1/2 slot), and each pilot channel includes 96 chips. Such a 
pilot channel is usually transmitted at the same power as that of a traffic channel. 

20 Therefore, the HDR system estimates a C/I of the traffic channel by measuring a 
C/I of the pilot channel. That is, the receiver measures a C/I value of the pilot 
channel and determines a data rate depending on the measured C/I value. The 
receiver transmits the determined data rate information to the transmitter. In the 
HDR specification, the data rate information transmitted to the transmitter is 

25 referred to as "DRC (Data Rate Control)." The DRC is transmitted over a DRC 
channel, and represented by a 4-bit DRC symbol. 

FIG. 2 illustrates puncturing patterns of a pilot channel, a DRC channel 
and an RRI (Reverse Rate Indicator) channel for the reverse link of the HDR 
30 system. Here, the RRI channel is used to transmit data rate information of a 
reverse traffic channel. With reference to FIG. 2, a description will be made herein 
below of a structure of each channel for the reverse link. 

First, a process for constructing a DRC symbol transmitted over the DRC 
35 channel will be described. The DRC symbol transmitted over the DRC channel is 
block-encoded with each code of (8,4,4) bi-orthogonal code on a one-to-one basis 
according to a data rate. Thereafter, the access terminal repeats an 8-bit DRC 
symbol transmitted over the reverse link, once every bit. Further, the access 
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terminal spreads the repeated DRC symbol with an 8-bit Walsh code indicating a 
sector to which the access tenninal belongs. The spread DRC symbol is spread 
again with a 4-bit Walsh code, constructing a DRC symbol comprised of a total of 
512 chips. The 512-chip DRC symbol is repeated once again, so that each slot 
5 includes 1024 chips assigned to the DRC channel. The DRC chips are divided into 
16 64-chip TDM (Time Division Multiplex) slots, and transmitted together with 
the pilot and RRI channels on a TDM basis, as shown in FIG. 2. That is, the DRC 
chips are alternately inserted starting from the first TDM slot. An RRI symbol is 
inserted once in the second TDM slot of a 2048-chip slot. Further, pilot symbols 
10 are inserted in the TDM slots into which the DRC symbols are not inserted, 
thereby constructing one slot. 

Now, a description will be made regarding a process of determining a data 
rate depending on a C/I of the forward channel and a process of transmitting the 
15 DRC over the reverse channel in the HDR system employing the link adaptation 
technique. 

The HDR system supports several predefined data rates, and each data 
rate has a unique coding rate and a unique modulation mode. Further, the receiver 

20 includes a C/I table for storing a C/I threshold satisfying a specific packet error 
probability at every data rate. Therefore, the receiver measures a C/I value of the 
pilot channel among the forward channels, and compares the measured C/I value 
with the C/I thresholds stored in the C/I table. The receiver searches the largest 
one of the C/I thresholds that is smaller than the measured C/I value, and 

25 determines a corresponding data rate as an acceptable data rate. The receiver 
transmits the determined data rate information to the transmitter over the DRC 
channel out of the reverse channels. 

There exists a interval between the adjacent C/I thresholds stored in the 
30 C/I table. Therefore, even though a C/I threshold closest to the C/I value is 
selected, there exists a difference between them. This difference becomes surplus 
transmission power on the C/I and the packet error probability. Therefore, 
transmitting a transmission channel at a data rate associated with the selected C/I 
threshold causes an unnecessary waste of transmission power. 

35 

Table 1 below illustrates a C/I table in which C/I thresholds are stored, by 
way of example. When the measured C/I value is -13dB, the receiver selects a C/I 
threshold of -15dB in accordance with Table 1. In this case, there exists a 
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difference of 2dB between the measured C/I value and the selected C/I threshold. 


Table 1 


Data Rate 

C/I Threshold 

38.4Kbps 

-15dB 

76.8Kbps 

-12dB 



2.4Mbps 

+9dB 


5 The C/I thresholds given in Table 1 satisfy a receiving error rate at each 

data rate. Therefore, the receiving error rate is duly satisfied even for the C/I value 
of -15dB. However, when the C/I value is -13dB, there occurs surplus power of - 
2dB. causing an unnecessary waste of power during data transmission. In addition, 
the surplus power causes interference between channels and a waste of bandwidth. 

10 

In conclusion, since the HDR system employing the link adaptation 
technique determines a data rate by comparing the C/I value with predetermined 
C/I thresholds, there occurs a difference between the actual C/I value measured 
and the C/I threshold which becomes a criterion for detennining the data rate. The 
15 difference causes an unnecessary waste of power at the transmitter, increases 
interference between channels in the radio environment, and causes a waste of 
bandwidth. 

SUMMARY OF THE INVENTION 

20 

It is, therefore, an object of the present invention to provide an apparatus 
and method for reducing surplus transmission power in a mobile communication 
system employing link adaptation. 

25 It is another object of the present invention to provide an apparatus and 

method for indicating a data rate and a transmission power level in a mobile 
communication system employing link adaptation. 

It is further another object of the present invention to provide an apparatus 
30 and method for transmitting a C/I value of a forward channel to a transmitter in a 
mobile communication system employing link adaptation. 


According to one aspect of the present invention, there is provided a 
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method for determining a forward data rate and a forward transmission power 
level in a mobile communication system. An access terminal measures a C/I of a 
forward pilot channel, determines a forward data rate by matching the measured 
C/I with a reference C/I, creates a difference between the measured C/I and the 
5 reference C/I as margin information, and transmits the determined forward data 
rate and margin information over a reverse transmission channel. Upon receipt of 
the forward data rate and margin information, an access network decreases a 
transmission power level by power corresponding to the margin information and 
performs forward transmission at the forward data rate at the decreased 
10 transmission power level. 

According to another aspect of the present invention, there is provided a 
method for determining a forward data rate and a forward transmission power 
level in a mobile communication system. An access terminal measures a C/I of a 

15 forward pilot channel, and transmits the measured C/I over a reverse data rate 
channel. Upon receipt of the C/I received over a reverse link, an access network 
determines a forward data rate by matching the measured C/I with a reference C/I 
associated with a data rate of packet data, determines margin information for 
determining a forward transmission power level by calculating a difference 

20 between the received C/I and the reference C/I when the received C/I is not 
identical to the reference C/I, creates transmission data associated with the 
determined data rate, decreases the transmission power level associated with the 
data rate using the calculated margin information, and transmits the transmission 
data at the decreased transmission power level. 

25 

According to further another aspect of the present invention, there is 
provided a transmission apparatus for a mobile communication system, for 
determining a data rate using a C/I and transmitting a forward data rate and a 
transmission power level over a reverse transmission channel using margin 

30 information determined based on a difference between a reference C/I and the C/I. 
The apparatus comprises a first multiplexer for time-division-multiplexing the 
data rate and the margin information; an encoder for encoding an output of the 
first multiplexer; a spreader for spreading the encoded data rate and margin 
information; and a second multiplexer for time-division-multiplexing a reverse 

35 pilot channel and an RRI (Reverse Rate Indicator) channel to an output of the 
spreader. 


According to yet another aspect of the present invention, there is provided 
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a transmission apparatus for transmitting a C/I in a mobile communication system. 
The apparatus comprises an encoder for encoding a measured C/I; a spreader for 
spreading an output of the encoder; and a multiplexer for time-division- 
multiplexing an output of the spreader, a reverse pilot channel and an RRI channel. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of the present 
invention will become more apparent from the following detailed description 
10 when taken in conjunction with the accompanying drawings in which: 

FIG. 1 illustrates a transmission/reception timing diagram of forward and 
reverse links in an HDR system; 

FIG. 2 illustrates puncturing patterns of a pilot channel, a DRC channel 
and an RRI channel for a reverse link in the HDR system; 
15 FIG. 3 illustrates a procedure for determining a forward data rate and a 

transmission power level based on DRC and C/I margin according to a first 
embodiment of the present invention; 

FIG. 4A illustrates a slot transmission/reception timing diagram of 
forward and reverse links, wherein a DRC symbol and a C/I margin symbol are 
20 transmitted over two slots according to the first embodiment of the present 
invention; 

FIG. 4B illustrates a slot transmission/reception timing diagram of 
forward and reverse links, wherein a DRC symbol and a C/I margin symbol are 
transmitted over one slot according to the first embodiment of the present 
25 invention; 

FIG. 5 illustrates a structure of an access terminal transmitter for 
transmitting a DRC symbol and a margin symbol in the method as illustrated in 
FIG. 4A; 

FIG. 6 illustrates a procedure for determining a forward data rate and a 
30 transmission power level based on a C/I value according to a second embodiment 
of the present invention; 

FIG. 7 A illustrates a slot transmission/reception timing diagram of 
forward and reverse links, wherein an 8-bit C/I symbol is transmitted over one slot 
according to the second embodiment of the present invention; 
35 FIG. 7B illustrates a slot transmission/reception timing diagram of 

forward and reverse links, wherein an 8-bit C/I symbol is transmitted over two 
slots according to the second embodiment of the present invention; and 

FIG. 8 illustrates a structure of an access terminal transmitter for 
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transmitting a C/I symbol as illustrated in the method of FIG. 7A. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

5 A preferred embodiment of the present invention will be described herein 

below with reference to the accompanying drawings. In the following description, 
well-known functions or constructions are not described in detail since they would 
obscure the invention in unnecessary detail. 

10 In the following description, the term "forward link" is defined as a radio 

link formed in a direction from an access network AN to an access terminal AT, 
while the term "reverse link" is defined as a radio link formed in a direction from 
the access terminal AT to the access network AN. In addition, the term "DRC 
(Data Rate Control)" is defined as information on a data rate requested by a 

15 receiver. 

FIG. 3 illustrates a procedure for determining a forward data rate and a 
transmission power level based on DRC and C/I margin according to a first 
embodiment of the present invention. Referring to FIG. 3, an access terminal AT 

20 measures a C/I value of a forward pilot channel in step SI 10. Thereafter, in step 
S120, the access terminal AT searches the C/I table of Table 1 for the largest one 
of the C/I thresholds that is smaller than the measured C/I value, and defines the 
selected C/I threshold as a reference C/I. Here, the "reference C/I" refers to a C/I 
threshold selected, based on the measured C/I value, from the C/I thresholds 

25 previously stored in the C/I table. After selecting the reference C/I value in step 
S120, the access terminal AT defines a data rate associated with the reference C/I 
value in the C/I table as an acceptable data rate and then, constructs the 
determined data rate into a 4-bit DRC symbol, in step S130. 

30 In step S140, the access terminal AT calculates the difference between the 

measured C/I value and the reference C/I value. The calculated difference value 
becomes a margin value. Since the largest one of the C/I thresholds that is smaller 
than the measured C/I value is selected from the C/I table, the difference obtained 
by subtracting the reference C/I value from the measured C/I value always has a 

35 positive value. Further, in step S140, the access terminal AT converts the 
calculated margin value into margin information comprised of a predetermined 
number of data bits. For example, if the margin information is divided into 16 
levels, it can be comprised of 4 data bits. That is, the access terminal AT creates a 


WO 02/01762 


PCT/KR01/01104 


-8- 

4-bit margin symbol using the calculated margin information. In step S150, the 
access terminal AT encodes the DRC symbol and the margin symbol, and 
transmits the encoded symbols to an access network AN. 

5 The DRC symbol and the margin symbol are transmitted from the access 

terminal AT to the access network AN through a radio link. Then, in step SI 60, 
the access network AN decodes the received DRC and margin symbols. The 
decoded DRC symbol is provided to a scheduler included in the access network 
AN, while the decoded margin symbol is provided to a transmission amplifier 

10 included in the access network AN. Then, in step S170, the access network AN 
determines an access terminal to be assigned a traffic channel of the next slot and 
also determines a data rate of the determined access terminal, based on the DRC 
symbol. In step SI 80, the transmission amplifier of the access network AN defines 
as a power level a value determined by decreasing the transmission power level by 

15 the power level calculated from the margin symbol. Therefore, the forward traffic 
channel transmits its traffic data at the transmission power level set according to 
the data rate, reduced by the transmission power level according to the margin 
symbol. Unlike the traffic channel, the forward pilot channel and a forward MAC 
(Media Access Control) channel are transmitted at a constant transmission power 

20 level regardless of the data rate or the margin. The access terminal AT measures 
the C/I value not depending on the transmission power level updated according to 
the margin symbol but depending on the constant transmission power level. 

In the first embodiment of the present invention, the access terminal AT 
25 transmits the DRC symbol and the margin symbol to the access network AN 
through the DRC channel of the HDR reverse link, as described with reference to 
FIG. 2. 

With reference to FIGs. 4A and 4B, a description will be made of two 
30 proposed methods for transmitting the DRC and margin symbols. FIG. 4A 
illustrates a slot transmission/reception timing diagram of forward and reverse 
links, wherein a DRC symbol and a C/I margin symbol are transmitted over two 
slots according to the first embodiment of the present invention. FIG. 4B 
illustrates a slot transmission/reception timing diagram of forward and reverse 
35 links, wherein a DRC symbol and a C/I margin symbol are transmitted over one 
slot according to the first embodiment of the present invention. 

In FIG. 4A, a DRC symbol and a C/I margin symbol are alternately 
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transmitted over 2 slots through a DRC channel of the HDR reverse link. That is, 
after measuring the C/I value of the pilot channel of the HDR forward link AN_Tx 
and detennining a 4-bit DRC symbol and a 4-bit C/I margin symbol accordingly 
the HDR reverse link AT_Tx transmits the 4-bit DRC symbol in the odd- 
5 numbered slot duration among the 32 slots constituting one packet, and transmits 
the 4-bit C/I margin symbol corresponding to the just-transmitted DRC symbol in 
the even-numbered slot duration. 

The access network AN receives the DRC symbol and the margin symbol 
10 in a unit of two slots, and then, determines a data rate to be applied to the next slot 
of the forward link and a transmission power level of the traffic channel. 
Therefore, in the example of FIG. 4A, scheduling in the forward link is performed 
in a unit of two slots, and the C/I value is also determined using a C/I value of a 
received pilot channel of two slots. 

15 

In FIG. 4B, the DRC symbol and the C/I margin symbol are transmitted 
over one slot through the DRC channel of the HDR reverse link. A general DRC 
symbol is repeated once within one slot after spreading. However, the reverse link 
AT Tx according to the present invention alternately transmits the 4-bit DRC 

20 symbol and the 4-bit margin symbol in a unit of half slot, instead of repeating the 
4-bit DRC symbol. That is, the 4-bit DRC symbol is transmitted in the first half 
duration of one slot, while the 4-bit margin symbol is transmitted in the second 
half duration. In the example of FIG. 4B, scheduling is performed in a unit of one 
slot, but the transmission power level of the reverse link must be doubled in order 

25 to maintain the error probability of the method shown in FIG. 4A. 

FIG. 5 illustrates a structure of an access terminal transmitter for 
transmitting the DRC symbol and the margin symbol as described in the method 
of FIG. 4A. Referring to FIG. 5, a first multiplexer (MUX) 131 outputs the 4-bit 

30 DRC symbol in the odd-numbered slot duration, and outputs the 4-bit margin 
symbol in the even-numbered slot duration. The DRC symbol or the margin 
symbol output from the first multiplexer 131 is subjected to (8,4,4) bi-orthogonal 
coding by a block encoder 132, and then, repeated once by a repeater 133. The 
output signals of the repeater 133 are primarily spread with a Walsh code W 0 2 of 

35 length 2 by a first spreader 134, and then, secondarily spread by a second spreader 
135 with a Walsh code W* 8 selected by 3-bit index information T of the sector to 
which the access terminal belongs. Further, the secondarily spread signals are 
finally spread with a Walsh code W 0 4 of length 4 by a third spreader 136. That is, 
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the signals output from the block encoder 132 are subjected to spreading three 
times. 

Meanwhile, a pilot channel is spread with a Walsh code W 0 4 of length 4 
5 by a pilot spreader 101. Further, 3 -bit RRI information is orthogonally modulated 
by an orthogonal modulator 111, and repeated by a Walsh symbol repeater 113. 
Thereafter, the output signal of the Walsh symbol repeater 113 is spread with a 
Walsh code W 0 4 of length 4 by an RRI spreader 115. 

10 A second multiplexer 137 multiplexes the spread pilot channel, the spread 

RRI channel and the spread DRC or margin symbol on a TDM basis. A complex 
spreader 146 performs complex spreading on the output of the second multiplexer 
137 and the traffic/control channel signals spread with a Walsh code W 2 4 of length 
4 by a traffic channel spreader 145. The complex spread signal is baseband- 

15 filtered by a baseband filter 147, and then, transmitted to the access network AN. 

When the structure of FIG. 5 is applied to FIG. 4B, the 4-bit DRC symbol 
and the 4-bit margin symbol are spread without repetition after being subjected to 
bi-orthogonal coding. That is, the transmitter is not required to include the 
20 repeater 133 in transmitting the DRC symbol and the margin symbol. 

FIG. 6 illustrates a procedure for determining a forward data rate and a 
transmission power level based on a C/I value according to a second embodiment 
of the present invention. Referring to FIG. 6, an access terminal AT measures a 

25 C/I value of a forward pilot channel in step S210. Thereafter, in step S220, the 
access terminal AT constructs the measured C/I value into an 8-bit C/I symbol, 
encodes the constructed symbol, and then transmits the encoded symbol to an 
access network AN. That is, the access terminal AT creates the measured C/I value 
into an 8-bit symbol instead of the 4-bit DRC information as in the prior art and 

30 the first embodiment of the present invention. 

In step S230, the access network AN receives the C/I symbol and decodes 
the received C/I symbol. Thereafter, in step S240, the access network AN searches 
the C/I table for the largest one of the C/I thresholds that is smaller than the 
35 received C/I value, and defines this value as a reference C/I value. After 
determining the reference C/I value, the access network AN selects a data rate 
corresponding to the reference C/I value from the C/I table and provides the 
selected data rate to a scheduler included therein, in step S250. The scheduler in 
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the access network AN then defines the selected data rate as a data rate of the 
traffic channel in the next slot of the corresponding access terminal AT 

Thereafter, in step S260, the access network AN calculates a margin of the 
5 C/I value against the reference C/I value. The margin is equal to a value 
determined by subtracting the reference C/I value from the C/I value, as in the first 
embodiment. In step S270, the access network AN defines as a transmission 
power level a value determined by decreasing the transmission power level by a 
power level calculated according to the margin. After determining the power level, 

10 the access network AN provides the transmission power level value to the 
transmission amplifier included therein and uses it as a transmission power level 
of the traffic channel in the next slot of the corresponding access terminal. 
Therefore, the forward traffic channel is transmitted at the determined 
transmission power level. Meanwhile, the forward pilot channel and the forward 

15 MAC channel are transmitted at the constant power level regardless of the data 
rate or the margin, as in the first embodiment. 

In the second embodiment of the present invention, since the access 
network AN determines the data rate by searching the C/I table, the access 
20 terminal AT is not required to transmit the DRC to the access network AN. Instead, 
the access terminal AT should transmit the measured C/I value to the access 
network AN. However, since the C/I value needs more bits as compared with the 
DRC symbol, another method for transmitting the C/I value over the DRC channel 
of the HDR reverse link is required. 

25 

There are two proposed methods for transmitting the C/I symbol over the 
DRC channel of the HDR reverse link according to the second embodiment of the 
present invention. FIG. 7A illustrates the first method for transmitting the C/I 
symbol over the DRC channel of the reverse link according to the second 
30 embodiment of the present invention, while FIG. 7B illustrates the second method. 

FIG. 7A illustrates a slot transmission/reception timing diagram of 
forward and reverse links, wherein an 8-bit C/I symbol is transmitted over one slot 
35 according to the second embodiment of the present invention. With reference to 
FIG. 7 A, the timing of transmitting the C/I symbol over the DRC channel of the 
reverse link according to the present invention will be described below. 
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In the prior art described above, the DRC symbol applied to the HDR 
system is comprised of 4 bits and is repeated once before transmission. In the 
second embodiment of the present invention, however, the leading 4 bits and the 
following 4 bits of the 8-bit C/I symbol are transmitted in a unit of half slot, 
5 instead of repeating the 4-bit DRC symbol within one slot. Therefore, the whole 8- 
bit C/I symbol is transmitted over only one slot. Herein, the leading 4 bits of the 
C/I symbol are transmitted in the first half-slot duration, while the following 4 bits 
of the C/I symbol are transmitted in the second half-slot duration. By doing so, the 
access network AN performs scheduling in a unit of one slot. 

10 

FIG. 7B illustrates a slot transmission/reception timing diagram of 
forward and reverse links, wherein an 8-bit C/I symbol is transmitted over two 
slots according to the second embodiment of the present invention. With reference 
to FIG. 7B, the timing of transmitting the C/I symbol over the DRC channel of the 
15 reverse link according to the present invention will be described below. 

The 8-bit C/I symbol is divided into leading 4 bits and following 4 bits, 
and the leading 4 bits and the following 4 bits are alternately transmitted over two 
slots in a unit of one slot. Specifically, the leading 4 bits of the C/I symbol are 
20 transmitted in the odd-numbered slot durations among the 16 slots constituting 
one packet, while the following 4 bits of the C/I symbol are transmitted in the 
even-numbered slot durations. Hence, the method of FIG. 7B requires two slots in 
transmitting the entire C/I symbol, but can transmit the C/I symbol at the half 
power compared with the method of FIG. 7A. 

25 

FIG. 8 illustrates a structure of an access terminal transmitter for 
transmitting the C/I symbol as described in the method of FIG. 7A. Referring to 
FIG. 8, an 8-bit C/I symbol is subjected to (8,4,4) bi-orthogonal coding by a block 
encoder 231. The output of the block encoder 231 is spread without repetition. 
30 Here, the spreading is performed in three steps. That is, the output of the block 
encoder 23 1 undergoes primary spreading with a Walsh code W 0 2 of length 2 by a 
first spreader 233, secondary spreading with a Walsh code Wi 8 selected by 3 -bit 
index information T by a second spreader 235, and finally, third spreading with a 
Walsh code W 0 4 of length 4 by a third spreader 237. 

35 

Meanwhile, a pilot channel is spread with a Walsh code W 0 4 of length 4 
by a pilot spreader 201. Further, 3-bit RRI information is orthogonally modulated 
by an orthogonal modulator 211, and repeated by a Walsh symbol repeater 213. 
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Thereafter, the output signal of the Walsh symbol repeater 213 is spread with a 
Walsh code W 0 4 of length 4 by an RRI spreader 215. 

A multiplexer 239 multiplexes the spread pilot channel, the spread RRI 
5 channel and the spread C/I symbol on a TDM basis. A complex spreader 246 
performs complex spreading on the output of the multiplexer 239 and the 
traffic/control channel signals spread with a Walsh code W 2 4 by a traffic channel 
spreader 245. The complex spread signal is baseband-filtered by a baseband filter 
247, and then, transmitted to the access network AN. 

10 

When applied to FIG. 7B, the structure of FIG. 8 is required to have a 
multiplexer arranged at the front stage of the block encoder 231, and a repeater 
arranged at the following stage of the block encoder 23 1. Thus, when transmitting 
the data as illustrated in the method of FIG. 7B, the multiplexer multiplexes the 

15 leading 4 bits and the following 4 bits of the C/I symbol on a TDM basis. 
Therefore, the leading 4 bits are transmitted in the first half-slot duration, while 
the following 4 bits are transmitted in the second half-slot duration. In addition, 
the block-encoded signal output from the block encoder 23 1 is repeated once by 
the repeater. Thereafter, the three-step spreading operation is performed in the 

20 same manner. 

As described above, it is possible to reduce the surplus transmission 
power by applying the present invention to the mobile communication system 
employing the link adaptation technique. The reduction in surplus transmission 
25 power contributes to decreasing interference to other sectors and other signals, and 
increasing a forward system capacity. 

While the invention has been shown and described with reference to a 
certain preferred embodiment thereof, it will be understood by those skilled in the 
30 art that various changes in form and details may be made therein without 
departing from the spirit and scope of the invention as defined by the appended 
claims. 
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WHAT IS CLAIMED IS: 

1. A method for determining a forward data rate and a forward 
transmission power level in an access terminal of a mobile communication system, 
5 comprising the steps of: 

measuring a received carrier-to-interference ratio (C/I) of a forward pilot 
channel and determining a forward data rate by matching the measured C/I with a 
reference C/I based on a data rate of packet data; 

determining margin information for determining a forward transmission 
10 power level by calculating a difference between the measured C/I and the 
reference C/I if the measured C/I is not identical to the reference C/I; and 

transmitting the determined forward data rate and margin information 
over a reverse transmission channel. 

15 2. The method as claimed in claim 1, wherein the step of 

determining the forward data rate comprises the steps of: 

selecting a largest one of C/I thresholds that is smaller than the measured 
C/I, stored in a C/I table, as a reference C/I; and 

determining a data rate associated with the selected reference C/I. 

20 

3. The method as claimed in claim 1, wherein the step of 
determining the margin information comprises the steps of: 

calculating a difference between the reference C/I and the measured C/I; 

and 

25 determining margin information by converting the calculated difference 

into a value comprised of a predetermined number of data bits. 

4. The method as claimed in claim 1, wherein the step of 
transmitting the determined forward data rate and margin information comprises 

30 the step of transmitting the determined forward data rate for one slot and the 
margin information for a next one slot over the reverse transmission channel. 

5. The method as claimed in claim 4, wherein the determined 
forward data rate and the margin information are repeated once before 

35 transmission. 

6. The method as claimed in claim 4, wherein the C/I is measured 
for 2 slots of the forward pilot channel. 
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7. The method as claimed in claim 1, wherein the step of 
transmitting the determined forward data rate and margin information comprises 
the step of transmitting the determined forward data rate and the margin 
information for one slot over the reverse transmission channel. 

8. A method for detemtining a forward data rate and a forward 
transmission power level in an access network of a mobile communication system, 
comprising the steps of: 

receiving the forward data rate and margin information over a reverse 

link; 

creating data to be transmitted at the received data rate and 
decreasing the transmission power level using the received margin 
information and transmitting the data at the decreased transmission power level. 

9. The method as claimed in claim 8, wherein a forward pilot 
channel transmits a signal at the constant transmission power level regardless of 
the forward data rate or the margin. 

10. The method as claimed in claim 9, wherein when the forward data 
rate and the margin information are received over two slots, scheduling of the 
forward data rate and determination of the transmission power level are performed 
in a unit of two slots. 

11. A method for determining a forward data rate and a forward 
transmission power level in a mobile communication system, comprising the steps 
of: 

measuring, in an access terminal, a received C/I of a forward pilot 
channel; 

determining the forward data rate by matching the measured C/I with a 
reference C/I; 

determining a difference between the measured C/I and the reference C/I 
as margin information; 

transmitting the determined forward data rate and margin information 
over a reverse transmission channel; and 

decreasing a transmission power level in an access network by power 
corresponding to the margin information and performing forward transmission at 
the forward data rate at the decreased transmission power level, upon receipt of 
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the forward data rate and margin information,. 

12. The method as claimed in claim 11, wherein the step of 
determining the forward data rate comprises the steps of: 

5 selecting a largest one of C/I thresholds that is smaller than the measured 

C/I, stored in a C/I table, as a reference C/I; and 

determining a data rate corresponding to the selected reference C/L 

13. The method as claimed in claim 11, wherein the step of 
10 determining the margin information comprises the step of calculating a difference 

between the reference C/I and the measured C/I and converting the calculated 
difference into a value comprised of a predetermined number of data bits. 

14. The method as claimed in claim 11, wherein the step of 
15 transmitting the determined forward data rate and the margin information 

comprises the step of transmitting the data rate for one slot and the margin 
information for a next one slot over the reverse transmission channel. 

15. The method as claimed in claim 14, wherein the forward data rate 
20 and the margin information are repeated once before transmission. 

16. The method as claimed in claim 14, wherein the access terminal 
measures the C/I for 2 slots of the forward pilot channel. 

25 17. The method as claimed in claim 14, wherein when the data rate 

and the margin information are received over two slots, the access network 
performs scheduling of the forward data rate and determination of the 
transmission power level in a unit of 2 slots. 

30 18. The method as claimed in claim 11, wherein the determined data 

rate and the margin information are transmitted for one slot over the reverse 
transmission channel. 

19. The method as claimed in claim 11, wherein the access network 
35 transmits a signal on the forward pilot channel at a constant transmission power 

level regardless of the data rate or the margin. 

20. A method for determining a forward data rate and a forward 
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transmission power level in an access terminal of a mobile communication system, 

comprising the steps of: 

measuring a received C/I of a forward pilot channel; and 
transmitting the measured C/I over a reverse data rate control (DRC) 
5 channel. 

21. The method as claimed in claim 20, wherein the transmitted C/I is 
two times as long as a length of the data rate control. 

10 23. The method as claimed in claim 21, wherein the C/I is divided 

into leading bits and following bits as long as a length of the data rate 
control(DRC), wherein the leading bits are first transmitted for one slot and then 
the following bits are transmitted for a next one slot. 

15 24. The method as claimed in claim 21, wherein the transmitted C/I is 

transmitted for one slot of a data rate control channel , without repetition. 

25. The method as claimed in claim 24, wherein the transmitted C/I is 
divided into leading bits and following bits , wherein the leading bits and the 

20 following bits are transmitted in the first half-slot and the second half-slot of the 
reverse DRC channel, respectively. 

26. A method for determining a forward data rate and a forward 
transmission power level in an access network of a mobile communication system, 

25 comprising the steps of: 

receiving a measured C/I over a reverse link; 

determining a forward data rate by matching the measured C/I with a 
reference C/I based on a data rate of the packet data; 

determining margin information for determining the forward transmission 
30 power level by calculating a difference between the measured C/I and the 
reference C/I, when the measured C/I is not identical to the reference C/I; 

creating data to be transmitted at the determined forward data rate; 

decreasing the transmission power level using the calculated margin 
information; and 

35 transmitting the transmission data at the decreased transmission power 

level. 


27. 


The method as claimed in claim 26, wherein when the C/I is 
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received over 2 slots, scheduling of the data rate and the margin information is 
performed in a unit of 2 slots. 

28. The method as claimed in claim 26, wherein the step of 
5 determining the forward data rate comprises the steps of: 

selecting a largest one of C/I thresholds that is equal to or is smaller than 
the measured C/I, stored in a C/I table, as a reference C/I; and 

determiiiing a data rate associated with the selected reference C/I. 

10 29. The method as claimed in claim 26, wherein a forward pilot 

channel transmits a signal at a constant transmission power level regardless of the 
forward data rate or the margin. 

30. A method for determining a forward data rate and a forward 
15 transmission power level in a mobile communication system, comprising the steps 

of: 

measuring, in an access terminal, a received C/I of the forward pilot 
channel; 

transmitting the measured C/I over a reverse DRC channel; 
20 determining, in an access network, the forward data rate by matching the 

measured C/I with a reference C/I associated with a data rate of packet data upon 
receipt of the measured C/I over a reverse link; 

determining margin information for determining the forward transmission 
power level by calculating a difference between the measured C/I and the 
25 reference C/I when the received C/I is not identical to the reference C/I; 

creating transmission data associated with the determined data rate; 

decreasing the transmission power level using the calculated margin 
information; and 

transmitting the transmission data at the decreased transmission power 

30 level 

3 1. The method as claimed in claim 30, wherein the C/I is two times 
as long as a length of the DRC. 

35 33. The method as claimed in claim 31, wherein the C/I is divided 

into leading bits and following bits as long as a length of the data rate 
control(DRC), wherein the leading bits are first transmitted over one slot and the 
following bits are transmitted over a next one slot. 
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34. The method as claimed in claim 30, wherein the C/I is transmitted 
over one slot of the data rate control channel, without repetition. 

5 35. The method as claimed in claim 34, wherein the C/I is divided 

into leading bits and following bits, wherein the leading bits and the following bits 
are transmitted in the first half-slot and the second half-slot of the DRC channel, 
respectively. 

10 36. The method as claimed in claim 30, wherein when the C/I is 

received over 2 slots, scheduling of the data rate and the margin information is 
performed in a unit of 2 slots. 

37. The method as claimed in claim 30, wherein the step of 
15 determining the forward data rate comprises the steps of: 

selecting a largest one of C/I thresholds that is smaller than the measured 
C/I ? stored in a C/I table, as a reference C/I; and 

determining a data rate associated with the selected reference C/I. 

20 38. The method as claimed in claim 30, wherein a forward pilot 

channel transmits its channel signal at a constant transmission power level 
regardless of the forward data rate and the margin. 

39. A transmission apparatus for a mobile communication system, for 
25 determining a forward data rate using a C/I value measured from the pilot channel 

and transmitting the forward data rate and a transmission power level over a 
reverse transmission channel using margin information determined based on a 
difference between a reference C/I and the C/I, comprising: 

a first multiplexer for time-division-multiplexing the forward data rate and 
30 the margin information; 

an encoder for encoding an output of the first multiplexer; 

a spreader for spreading the encoded data rate and margin information; 

and 

a second multiplexer for time-division-multiplexing a reverse pilot 
35 channel and an RRI (Reverse Rate Indicator) channel to an output of the spreader. 

40. The transmission apparatus as claimed in claim 39, further 
comprising a repeater for repeating the output of the encoder and providing its 
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output to the spreader when the forward data rate and the margin information are 
transmitted over 2 slots. 

41. The transmission apparatus as claimed in claim 40, wherein the 
5 first multiplexer alternately outputs the forward data rate and the margin 

information in a unit of one slot. 

42. A transmission apparatus for transmitting a C/I in a mobile 
communication system, comprising: 

10 an encoder for encoding a measured C/I; 

a spreader for spreading an output of the encoder; and 
a first multiplexer for time-division-multiplexing an output of the spreader, 
a reverse pilot channel and an RRI channel. 

15 43. The transmission apparatus as claimed in claim 42, wherein the 

received C/I is outputted in a unit of one slot when the received 
C/I is transmitted in a unit of one slot, dividing the C/I into 
leading bits and following bits 

20 44. The transmission apparatus as claimed in claim 42, further 

comprising: 

a second multiplexer arranged at a front stage of the encoder, for equally 
dividing the C/I into leading bits and following bits when the C/I is transmitted in 
a unit of 2 slots, outputting the leading bits at a first slot and outputting the 
25 following bits at a next slot; and 

a repeater interposed between the encoder and the spreader, for repeating 
an output of the encoder. 


WO 02/01762 


PCT/KR01/01104 


1/10 



SUBSTITUTE SHEET (RULE 26) 


WO 02/01762 


PCT/KR01/01104 


2/10 


CO 

a. 
n: 
o 

oo 
o 

CM 


o 

—J 
CO 


to 

o 
m 

<y> 
cm 
oo 

CM 
CM 

<o 

CM 

to 

CM 

^- 

CM 
to 

CM 
CM 
CM 

CM 

o 

CM 
CO 

oo 


to 


to 

"cm" 


oo 


CO 

in 


to 

CM 


CO 


CL. 

o 
EE 

o 


1 fetrt" 


CO 


o 


UJ 


O ^ 

a: 2: 
o <c 


o 


in 
o 


SUBSTITUTE SHEET (RULE 26) 


WO 02/01762 


PCT/KR01/01104 


3/10 


Q START ^ 

— , 

MEASURE PILOT C/l [-S110 


SELECT REFERENCE C/l 
ASSOCIATED WITH MEASURED C/l 


-S120 


DETERMINE DRC FOR 
REFERENCE C/l 


-S130 


CALCULATE C/l MARGIN | — S140 


TRANSMIT DRC AND 
C/l MARGIN 


I 


S150 


RECEIVE DRC AND Leiftn 
C/l MARGIN r S16 ° 

1 


DETERMINE DATA RATE I ci 7 n 
ACCORDING TO DRC r - bl/u 

DETERMINE TRANSMISSION POWER I o 1Rn 
LEVEL ACCORDING TO C/l MARGIN r ~ b1su 

^ END 


FIG. 3 


SUBSTITUTE SHEET (RULE 26) 


WO 02/01762 


PCT/KR01/01104 



WO 02/01762 


PCT/KR01/01104 



WO 02/01762 


PCT/KR01/01104 



SUBSTITUTE SHEET (RULE 26) 


WO 02/01762 


PCT/KR01/01104 


7/10 


Q START ^ 

— — , 

MEASURE PILOT C/l S210 


TRANSMIT MEASURED C/1KS220 




RECEIVE PILOT C/1 | -S230 


SELECT REFERENCE C/l 
ASSOCIATED WITH RECEIVED C/l 


I 


-S240 


DETERMINE DATA RATE 
ASSOCIATED WITH RECEIVED C/l 


-S250 


X 

CALCUALTE C/l MARGIN ~| -S260 

DETERMINE TRANSMISSION POWER Le 97n 
LEVEL ACCORDING TO C/l MARGIN p 5 ^' 0 

( END ) 


FIG. 6 


SUBSTITUTE SHEET (RULE 26) 


WO 02/01762 


8/10 


PCT/KR01/01104 



SUBSTITUTE SHEET (RULE 26) 


WO 02/01762 


PCT/KR01/01104 



SUBSTITUTE SHEET (RULE 26) 


WO 02/01762 


PCT/KR01/01104 



SUBSTITUTE SHEET (RULE 26) 


INTERNATIONAL SEARCH REPORT international application No. 

PCT/KR01/01104 


A. CLASSIFICATION OF SUBJECT MATTER 
EPC7 H04B 7/26 

According to International Patent Classification (IPC) or to both national classification and IPC 


B. FIELDS SEARCHED 


Minimun documentation searched (classification system followed by classification symbols) 
IPC H04B, H04 J, H04Q 


Documentation searched other than minimun documentation to the extent that such documents are included in the fileds searched 

Korean Patents and applications for inventions since 1975 

korean Utility models and applications for Utility models since 1975 


Electronic data base consulted during the intertnational search (name of data base and, where practicable, search trerms used) 


DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


WO 97/02665 A (INTERDIGITAL TECH CORP.) 
23 JANUARY 1997 
See the abstract, claims 

WO 99/551 12 A (MATSUSHITA ELECTRIC INDUSTRIAL. CO,. LTD) 
28 OCTOBER 1999 
See the abstract 

KR 00-1 1799 A (SAMSUNG) 
25 FEBURARY 2000 
See the abstract 


1-44 


1-44 


1-44 


| | Further documents are listed in the continuation of Box C. XJ See patent family annex 


"A" 
"E" 
»L" 

,. 0 M 

T" 


Special categories of cited documents: 

document defining the general state of the art which is not considered 
to be of particular relevence 

earlier application or patent but published on or after the international 
filing date 

docum&nt which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of citation or other 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other 
means 

document published prior to the international filing date but later 
than the priority date claimed 


"T" later document published after the international filing date or priority 

date and not in conflict with the application but cited to understand 

the principle or theory underlying the invention 
"X" document of particular relevence; the claimed invention cannot be 

considered novel or cannot be considered to involve an inventive 

step when the document is taken alone 
" Y" document of particular relevence; the claimed invention cannot be 

considered to involve an inventive step when the document is 

combined with one or more other such documents,such combination 

being obvious to a person skilled in the art 
"& M document member of the same patent family 


Date of the actual completion of the international search 
22 OCTOBER 2001 (22.10.2001) 

Date of mailing of the international search report 
23 OCTOBER 2001 (23.10.2001) 

Name and mailing address of the ISA/KR 
Korean Intellectual Property Office 

Government Complex-Daejeon, Dunsan-dong ? Seo-gu 7 Daejeon 
Metropolitan City 302-701, Republic of Korea 

Facsimile No. 82-42-472-7140 

Authorized officer .yV^T*%&& 

YOOK Byoung Soo f% 
Telephone No. 82-42-481-5709 ' -^^^^ 


Form PCT/ISA/210 (second sheet) (July 1998) 


INTERNATIONAL SEARCH REPORT 

Information on patent family members 


International application No. 
PCT/KR01/01104 


Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


WO 97/02665 A 


23. 01. 1997 


WO 99/55112 A 
KR 00-11799 A 


28. 10. 1999 
25. 02. 2000 


EP 835568 A 
EP S35593 A 
EP 836770 A 
JP 

US 5912919 A 
EP 986282 A 
NONE 


15. 04. 1998 
15. 04. 1998 
22. 04. 1998 

15. 06. 1999 

15. 03.2000 

NONE 


Form PCT/ISA/210 (patent family annex) (July 1998) 


